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Abstract. Obstructive sleep apnea syndrome (OSAS) is associated with an elevated risk of cardiovascular events and stroke.
Matrix metalloproteinases (MMPs) are endopeptidases involved in extracellular matrix degradation and then in the develop-
ment and progression of cardiovascular diseases. Our aim was to evaluate plasma levels of gelatinases (MMP-2 and MMP-9)
and their tissue inhibitors (TIMP-1 and TIMP-2) in a group of subjects with OSAS. We enrolled 48 subjects (36 men and 12
women; mean age 49.7 ± 14.68 yrs) with OSAS diagnosed with a 1-night cardiorespiratory study and then we subdivided
these subjects into two subgroups according to the apnea/hypopnea index (AHI): Low (L = 21 subjects with AHI <30) and
High (H = 27 subjects with AHI >30). We measured plasma concentration of the gelatinases and their inhibitors using ELISA
kits. We observed a significant increase in plasma concentration of MMP-9, MMP-2, TIMP-1 and TIMP-2 in the entire group
of OSAS subjects and in the two subgroups, with higher levels in the H in comparison with the L subgroup. In the whole
group of OSAS subjects we also noted a significant decrease in MMP-9/TIMP-1 ratio in comparison with normal controls.
Only MMP-9 was significantly correlated with the severity of the disease, expressed as AHI, with the oxygen desaturation
index and also with the mean oxygen saturation. MMPs pattern is altered in OSAS and significantly influenced by the severity
of the disease; it probably contributes to the vascular remodeling that leads to the atherosclerotic disease and cardiovascular
complications.
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1. Introduction
The obstructive sleep apnea syndrome (OSAS) is a common sleep disorder characterized by repeated
airflow obstructions during sleep with consequent episodes of apnea or hypopnea and intermittent
arterial oxygen desaturation [8, 30]. The OSAS affects especially middle-aged and elderly subjects
and its prevalence is increasing worldwide [27]. The gold standard methodology for diagnosis of OSA is
the in-laboratory polysomnography, but the home testing with portable cardiorespiratory monitoring
is an accredited alternative [8]. The frequency of respiratory events during sleep is expressed as
apnea/hypopnea index (AHI), which defines OSAS severity [8]. The standard treatment for OSAS is
the continuous positive airway pressure (CPAP) therapy, which ideally suppresses the apneic events
[27].
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OSAS is independently associated with an increased risk of morbidity and mortality [28] consid-
ering that the most important complications are arterial hypertension, coronary artery disease, and
cerebrovascular accidents [7, 21, 37, 39]. Atherosclerosis is common in OSAS, and several studies
have demonstrated that the elevated mortality in OSAS is associated with the severity of the atheroscle-
rosis [33]. In OSAS subjects the carotid intima-media thickness is significantly increased compared to
controls [22] and a recent study has demonstrated that OSAS severity is correlated also with subclinical
coronary atherosclerosis [38].
The mechanisms leading to the development and the progression of atherosclerotic plaques involve
multiple factors, including oxidative stress, endothelial dysfunction, and inflammatory and immuno-
logic factors. The continued hypoxia-reoxygenation episodes have a key role in the pathogenesis of
the endothelial dysfunction in OSAS: the intermittent hypoxia may induce the production of reactive
oxygen species (ROS) that contribute to the generation of adhesion molecules, leukocyte activation,
and an enhanced systemic inflammation leading to endothelial damage [19].
Matrix metalloproteases (MMPs) are endopeptidases produced into the vascular wall, in particular by
macrophages, able to degrade several extracellular matrix proteins [1, 12]. Gelatinases A and B (MMP-
2 and -9) are responsible for IV type collagen, gelatin and laminin degradation, vasculature remodeling,
angiogenesis, inflammation and then they are involved in the atherosclerotic process [10, 24]. Once they
are secreted in the extracellular space, MMPs may be activated by several proteases, other MMPs, and
ROS, in particular peroxynitrite [1, 15, 16]. Some authors have described an overexpression of MMP-9
in older atherosclerotic lesions [20], responsible for a large remodeling characterized by fibrosis, matrix
degradation and angiogenesis, resulting in plaque instability and rupture [11, 20]. However, MMP-
2 seems to be associated with a more stable plaque phenotype and rare haemorrhages [11]. MMPs
activity is also regulated by the four tissue inhibitors of MMP (TIMPs): TIMP-1 inhibits especially
MMP-9 while TIMP-2 inhibits especially MMP-2 [23]. An altered expression of MMPs and TIMPs
has been observed in OSAS. Tazaki et al. observed a significant increase in MMP-9, but not in TIMP-1,
serum levels in obese OSAS subjects compared to obese controls [32]. In addition, they found higher
serum levels and activity of MMP-9 in subjects with moderate to severe OSAS than in subjects with
mild disease [32]. MMP-9 concentration and activity were significantly correlated with AHI, BMI and
inflammatory cytokines, such as IL-6 and TNF-α [32]. Similarly, Ye et al. [41] described elevated serum
levels of MMP-9 in OSAS subjects in comparison with obese controls, correlated with OSAS severity
and C-reactive protein levels. Differently, in children with OSAS no correlation between MMP-9 levels
and OSAS severity has been observed [14]. Volna´ et al. [35] evaluated both the gelatinases in OSAS
subjects and they observed a significant correlation only between MMP-9 and some polysomnographic
parameters, such as oxygen desaturation index (ODI) and mean oxygen saturation. Chuang et al. [3]
studied plasma levels of MMP-1, -2, -3, and -9 and of TIMP-1 and also plasma MMP-9 activity in OSAS
subjects subdivided according to the severity of the disease; they found only elevated concentration
and activity of MMP-9, especially after sleep. Tamaki et al. [31] observed in severe OSAS subjects an
increased production of MMP-9 by monocytes immediately after the sleep, significantly decreased by
long-term cPAP treatment. More recently, Vuralkan et al. [36] demonstrated a significant reduction of
MMP-9 serum levels in OSAS subjects who underwent uvulopalatal flap surgery, but no correlation
between post-operative MMP-9 and polysomnographic variables.
Previously we studied in subjects with OSAS the behaviour of nitric oxide metabolites (NOx)
and erythrocyte deformability [2] and the relationship between OSAS severity and oxidative stress,
examined as lipid peroxidation and protein oxidation [13]. In particular, we found a reduced red cell
deformability, an altered NOx plasma level in subjects with severe OSAS, and an increase in lipid and
protein oxidation, statistically correlated with the severity of OSAS [13]. Now our aim was to evaluate
plasma concentration of MMP-9, MMP-2, and their tissue inhibitors (TIMP-1 and TIMP-2) in a group
of subjects with OSAS.
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2. Materials and methods
We consecutively recruited 48 subjects (36 men and 12 women; mean age 49.7 ± 14.68 yrs) with
obstructive sleep apnea syndrome from those with suspected OSAS referred to our center. Clinical
history and physical examination were performed in all subjects and Epworth Sleepiness Scale (ESS)
was also given. OSAS was diagnosed after a 1-night cardiorespiratory sleep study: apneas were defined
as the cessation of airflow for ≥10 seconds and hypopneas were defined as a transient reduction of
breathing ≥50% with an oxygen desaturation of ≥3% or as a reduction of breathing ≥30% with an
oxygen desaturation of ≥4% for ≥10 seconds. Obstructive apneas and hypopneas were distinguished
from central events by the detection of respiratory efforts during the event. AHI was defined as the num-
ber of obstructive apneas and hypopneas per hour of sleep. Patients with an AHI ≥5 were considered
as OSAS and then they were subdivided according to the AHI value in two subgroups: Low (L = 21
subjects with AHI <30) and High (H = 27 subjects with AHI >30). Means and S.D. of age, BMI, waist
circumference, neck circumference, AHI, oxygen desaturation index (ODI), mean nocturnal SO2 and
mean heart rate (HR) are reported in Table 1 (Table 1); 23 of the OSAS subjects had arterial hyper-
tension, 10 subjects had diabetes mellitus and 6 had cardiovascular disease (history of myocardial
infarction or stroke). The control group consisted of 31 subjects (14 women and 17 men, mean age
41.3 ± 7.4 years) selected from the hospital staff; control subjects were free of medical diseases as
assessed by clinical history, physical examination, electrocardiography, and routine hematological and
urine analysis
All the subjects gave their informed consent before entering the study and the study was approved
by the Ethical Committee.
On fasting venous blood we evaluated plasma concentrations of gelatinases (MMP-2 and MMP-9)
and their inhibitors (TIMP-1 and TIMP-2) using respectively the Human MMP-2 ELISA and Human
MMP-9 ELISA kit (Boster Biological Technology, LTD) and the Human TIMP-1 ELISA and Human
TIMP-2 ELISA kit (Boster Biological Technology, LTD).
2.1. Statistical analysis
Data were expressed as means ± S.D. The statistical difference between the whole group of OSAS
subjects and control subjects was evaluated using the Student’s t test for unpaired data. The statisti-
cal difference among control subjects, L subgroup and H subgroup of OSAS subjects was evaluated
Table 1
Mean ± S.D. of age, anthropometric characteristics and OSAS parameters in the whole group of OSAS patients and in the
two subgroups with respectively mild and severe disease
All OSAS patients Mild OSAS Severe OSAS
Age (years) 49.7 ± 14.6 45.3 ± 14.4 52.8 ± 14.2
BMI (kg/m2) 35.4 ± 7.3 35.7 ± 8.5 35.1 ± 6.5
Waist circumference (cm) 118.8 ± 16.1 114.2 ± 14.5 122.5 ± 16.6
Neck circumference (cm) 44.4 ± 4.5 41.5 ± 3.2 46.6 ± 4.1∗∗∗
AHI 38.5 ± 25.7 15.1 ± 8.1 56.6 ± 18.9∗∗∗
mSO2 (%) 91.1 ± 3.7 93.4 ± 2.7 89.5 ± 3.4∗∗∗
ODI 39.3 ± 29.0 14.3 ± 9.4 55.4 ± 25.7∗∗∗
ESS 11.1 ± 5.1 9.2 ± 3.7 12.4 ± 5.6∗
∗p < 0.05 ∗∗∗p < 0.001 vs mild OSAS (Student’s t test for unpaired data). BMI = Body Mass Index; AHI = Apnea-hypopnea
index. mSO2 = mean oxygen saturation. ODI = oxygen desaturation index. ESS = Epworth sleepiness scale.
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employing the 1-way analysis of variance (ANOVA), integrated with the Bonferroni post-test. The
correlations among MMP-2, MMP-9, TIMP-1, TIMP-2, demographic characteristics, and polysomno-
graphic parameters were performed employing the linear regression test; the null hypothesis was
rejected for p values <0.05.
3. Results
In the whole group of OSAS subjects we found a significant increase in plasma concentrations of
gelatinases and their inhibitors in comparison with normal controls (Table 2). We noted also a significant
decrease in MMP-9/TIMP-1 ratio compared to normal controls but no significant variation in MMP-
2/TIMP-2 ratio (Table 2). Subdividing OSAS subjects in the two subgroups (L and H), we noted in
both subgroups a significant increase of the examined parameters in comparison with normal controls
(Table 3). We observed a significant variation of MMP-9 and TIMP-1 between the two subgroups
(Bonferroni post-test) and in fact both these parameters were significantly higher in the H subgroup
in comparison with the L subgroup of OSAS subjects (Table 3). In addition, we observed that the
MMP-9/TIMP-1 ratio is reduced only in the L subgroup compared with normal controls (Table 3)
while no statistical difference was found regarding the MMP-2/TIMP-2 ratio. About the demographic
characteristics, in the entire group of OSAS subjects we observed a positive correlation between
MMP-2 and age (r = 0.339, p < 0.05), between TIMP-2 and age (r = 0.550, p < 0.0001) and between
MMP-9 and neck circumference (r = 0.403, p < 0.05). Regarding the polysomnographic parameters
Table 2
Mean ± S.D. of gelatinase and inhibitor concentrations and their ratios in plasma of control subjects
and all OSAS patients
Control subjects All OSAS patients
MMP-9 (ng/ml) 51.55 ± 8.14 99.12 ± 15.84∗∗∗
TIMP-1 (ng/ml) 32.05 ± 4.80 67.98 ± 5.92∗∗∗
MMP-2 (ng/ml) 28.66 ± 4.15 35.78 ± 8.96∗∗∗
TIMP-2 (ng/ml) 85.67 ± 9.40 105.8 ± 9.38∗∗∗
MMP-2/TIMP-2 0.338 ± 0.059 0.337 ± 0.076
MMP-9/TIMP-1 1.652 ± 0.376 1.464 ± 0.234∗∗
∗∗p < 0.01 ∗∗∗p < 0.001 vs control subjects.
Table 3
Mean ± S.D. of gelatinase and inhibitor concentrations and their ratios in plasma of control subjects and the two subgroups
of OSAS patients, with respectively mild and severe disease
Control subjects Mild OSAS Severe OSAS F
MMP-9 51.55 ± 8.14 89.22 ± 11.07∗∗∗ 106.8 ± 14.8∗∗∗§ 169.5b
TIMP-1 32.05 ± 4.80 64.87 ± 5.53∗∗∗ 70.40 ± 5.09∗∗∗# 464.6b
MMP-2 28.66 ± 4.15 37.90 ± 10.44∗∗∗ 34.12 ± 7.39∗ 10.08b
TIMP-2 85.67 ± 9.40 104.8 ± 8.35∗∗∗ 106.6 ± 10.19∗∗∗ 42.37b
MMP-2/TIMP-2 0.338 ± 0.059 0.361 ± 0.096 0.318 ± 0.050 2.351
MMP-9/TIMP-1 1.652 ± 0.376 1.387 ± 0.228∗∗ 1.523 ± 0.225 5.065a
ap < 0.01 bp < 0.001 (ANOVA). ∗p < 0.05 ∗∗p < 0.01 ∗∗∗p < 0.001 vs control subjects (Bonferroni’s post-test). #p < 0.01 §
p < 0.001 vs mild OSAS (Bonferroni’s post-test).
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Fig. 1. Correlations between MMP-9 and polysomnographic parameters in the entire group of OSAS subjects.
(Fig. 1), we observed a positive correlation between MMP-9 and AHI value (r = 0.450, p < 0.01) and
between MMP-9 and ODI (r = 0.36, p < 0.05) and a negative correlation between MMP-9 and mean
oxygen saturation (mSO2) (r = −0.48, p < 0.001) in the whole group of OSAS subjects. No significant
correlation among MMP-2, TIMP-1, TIMP-2 and polysomnographic parameters was observed.
4. Discussion
The obtained data showed an increase in plasma concentrations of gelatinases (MMP-2 and MMP-
9) and their inhibitors (TIMP-1 and TIMP-2) in the entire group of OSAS subjects and in both the
subgroups, although in the H subgroup the values of MMP-9 and TIMP-1 were significantly higher
than in the L subgroup. While the MMP-2/TIMP-2 ratio did not discriminate the whole group and
the two subgroups of OSAS subjects compared to normal controls, the MMP-9/TIMP-1 ratio was
significantly reduced in the entire group and in the L subgroup of OSAS subjects. This behavior is
probably imputable to the fact that the percentage increase in TIMP-1, observed both in the entire
group and in the L subgroup, was surely higher if compared with the MMP-9 increase.
We retain that the behavior of the gelatinases is dependent especially on their over-production
stimulated by the hypoxia-reoxygenation events and by several cytokines, such as IL-6 and TNF-
[17, 18, 29, 36], while the trend of their tissue inhibitors might be imputable to their co-secretion or to
a compensatory effect [6]. As well as the hypoxic stress induced by OSAS promotes the synthesis of
inflammatory mediators [31, 35] involved in the development and the progression of the atherosclerotic
disease, similarly the hypoxic stress seems to be able to modify the pattern of MMPs and TIMPs itself.
The behavior of MMP-2 and MMP-9 agrees partially with the results observed by other authors [3, 9,
32, 41] while our data regarding the tissue inhibitors are different from those of others [3, 32] who did
not find any variation of these TIMPs between OSAS subjects and control groups. In agreement with
Tazaki, Ye, Feng and Volna [9, 32, 35, 41], we observed in the whole group of OSAS subjects a positive
correlation between MMP-9 and AHI, and between MMP-9 and ODI and also a negative correlation
between MMP-9 and mSO2. In this study no significant correlation among MMP-2, TIMP-1, TIMP-2
and polysomnographic parameters was demonstrated.
Only in the whole group of OSAS subjects we also observed a positive correlation between MMP-
9 and TBARS (thiobarbituric acid reactive substances) (r = 0.541, p < 0.001), between MMP-9 and
carbonyl groups (r = 0.395, p < 0.005) and between MMP-9/TIMP-1 ratio and TBARS (r = 0.472,
p < 0.0007); as it is known, TBARS reflects the lipid peroxidation while carbonyl groups express
the protein oxidation. We did not find any statistical correlation between the other parameters of the
oxidative stress (TAS, NOx) and the gelatinases or their inhibitors.
We know that OSAS is accompanied by several complications such as arterial hypertension, coronary
disease and cerebrovascular events [7, 21, 37, 39], and it should be considered if the behavior of the
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gelatinases might play a role in the development of these vascular complications. Up to now, the
literature data show a controversial relationship between gelatinases and pulse wave velocity, that
reflects arterial stiffness: in subjects with isolated systolic hypertension [40] and in subjects with
chronic kidney disease, with or without diabetes mellitus [5], a correlation between gelatinases and
arterial stiffness was observed, but not in healthy individuals [34] and in type 2 diabetic subjects [25].
In OSAS subjects it is not possible to exclude a role of the gelatinases in the development of arterial
hypertension, although in this clinical condition the increase in blood pressure is imputable especially
to the increase in sympatethic tone [5, 25, 34, 40].
Another consideration that regards the behaviour of gelatinases in OSAS subjects concerns their
role about the angiogenesis. Gelatinases activity produces elevated levels of angiostatin through the
proteolitic cleavage of plasminogen. As it is known, angiostatin inhibits endothelial cell proliferation
and migration, induces apoptosis, reduces vascular endothelial growth factor expression and decreases
eNOS activity [4]. It is possible that the influence played by the gelatinases on the angiogenesis might
contribute to the increased risk of cardiovascular events, also considering that in this preliminar study
MMP-9 and TIMP-1 clearly discriminate subjects with mild OSAS from subjects with severe OSAS,
which have an higher cardiovascular morbidity and mortality. In OSAS subjects some authors [32]
found a decrease in MMP-9 levels and activity after cPAP treatment, and others [31] noted even the
decrease of MMP-9 production by monocytes after 3 months of cPAP therapy. Recently Vuralkan [36]
demonstrated a decrease in MMP-9 levels in a group of OSAS subjects who underwent uvulopalatal
flap surgery.
Regarding the MMPs pattern in OSAS, a point that deserves to be considered is if, in this clinical
condition, MMPs may be retained a pharmacological target; we suppose that, in clinical practice,
the several molecules that act on MMPs may give possible benefits in the overall treatment of this
syndrome.
In summary, in OSAS we found an altered profile of the gelatinases and their inhibitors, and especially
we observed that MMP-9 and TIMP-1, its principal inhibitor, are significantly higher in OSAS subjects
with a severe degree of the disease in comparison with those of mild-moderate degree. In OSAS the
evaluation of these parameters may be useful thus their behavior may contribute to explain in particular
the vascular involvement that, in the course of time, accompanies this syndrome.
This research complies with the requirement for ethical publication in Clinical Hemorheology and
Microcirculation as published in Clin Hemorheol Microcirc. 2010;44(1):1-2.
References
[1] C. Amalinei, I.D. Caruntu and R.A. Balan, Biology of metalloproteinases, Rom J Morphol Embryol 48 (2007),
323–334.
[2] B. Canino, E. Hopps, V. Calandrino, M. Montana, R. Lo Presti and G. Caimi, Nitric oxide metabolites and erythrocyte
deformability in a group of subjects with obstructive sleep apnea syndrome, Clin Hemorheol Microcirc 59 (2015),
45–52.
[3] L.P. Chuang, N.H. Chen, S.W. Lin, Y.L. Chang, I.J. Chao and J.H. Pang, Increased matrix metalloproteinases-9 after
sleep in plasma and in monocytes of obstructive sleep apnea patients, Life Sci l93 (2013), 220–225.
[4] A.W. Chung, Y.N. Hsiang, L.A. Matzke, B.M. McManus, C. van Breemen and E.B. Okon, Reduced expression of
vascular endothelial growth factor paralleled with the increased angiostatin expression resulting from the upregulated
activities of matrix metalloproteinase-2 and -9 in human type 2 diabetic arterial vasculature, Circ Res 99 (2006),
140–148.
[5] A.W. Chung, H.H. Yang, M.K. Sigrist, G. Brin, E. Chum, W.A. Gourlay and A. Levin, Matrix metalloproteinase-2 and
-9 exacerbate arterial stiffening and angiogenesis in diabetes and chronic kidney disease, Cardiovasc Res 84 (2009),
494–504.
E. Hopps et al. / MMPs and TIMPs in OSAS 33
[6] R. Deardorff and F.G. Spinale, Cytokines and matrix metalloproteinases as potential biomarkers in chronic heart failure,
Biomark Med 3 (2009), 513–523.
[7] J.Y. Dong, Y.H. Zhang and L.Q. Qin, Obstructive sleep apnea and cardiovascular risk: Meta-analysis of prospective
cohort studies, Atherosclerosis 229 (2013), 489–495.
[8] L.J. Epstein, D. Kristo, P.J. Strollo Jr, N. Friedman, A. Malhotra, S.P. Patil, K. Ramar, R. Rogers, R.J. Schwab, E.M.
Weaver and M.D. Weinstein, Adult Obstructive Sleep Apnea Task force of the American Academy of Sleep Medicine,
Clinical guidelines for the evaluation, management and long-term care of obstructive sleep apnea syndrome, J Clin
Sleep Med 5 (2009), 263–276.
[9] X. Feng, B. Liu, J. Wang and X. Xiao, Research on the serum levels of matrix metalloproteinase-9 and free fatty acids
in OSAHS cases, Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 25 (2011), 109–113.
[10] M. Flamant, S. Placier, C. Dubroca, B. Esposito, I. Lopes, C. Chatziantoniou, A. Tedgui, J.C. Dussaule and S. Lehoux,
Role of matrix metalloproteinases in early hypertensive vascular remodeling, Hypertension 50 (2007), 212–218.
[11] J. Hansson, R.S. Vasan, J. Anlov, E. Ingelsson, L. Lind, A. Larsson, K. Michaelsson and J. Sundstrom, Biomarkers
of extracellular matrix metabolism (MMP-9 and TIMP-1) and risk of stroke, myocardial infarction, and cause-specific
mortality: Cohort study, PLoS ONE 6 (2011), e16185.
[12] E. Hopps and G. Caimi, Matrix metalloproteinases in metabolic syndrome, Eur J Intern Med 23 (2012), 99–104.
[13] E. Hopps, B. Canino, V. Calandrino, M. Montana, R. Lo Presti and G. Caimi, Lipid peroxidation and protein oxidation
are related to the severity of OSAS, Eur Rev Med Pharmacol Sci 18 (2014), 3773–3778.
[14] A.G. Kaditis, E.I. Alexopoulos, A. Karathanasi, G. Ntamagka, S. Oikonomidi, T.S. Kiropoulos, E. Zintzaras and K.
Gourgoulianis, Adiposity and low-grade systemic inflammation modulate matrix metalloproteinase-9 levels in Greek
children with sleep apnea, Pediatr Pulmonol 45 (2010), 693–699.
[15] K. Kameda, T. Matsunaga, N. Abe, H. Hanada, H. Ishizaka, H. Ono, M. Saitoh, K. Fukui, I. Fukuda, T. Osanai and
K. Okumura, Correlation of oxidative stress with activity of matrix metalloproteinase in patients with coronary artery
disease. Possible role for left ventricular remodelling, Eur Heart J 24 (2003), 2180–2185.
[16] A.D. Kandasamy, A.K. Chow, M.A. Ali and R. Schulz, Matrix metalloproteinase-2 and myocardial oxidative stress
injury: Beyond the matrix, Cardiovasc Res 85 (2010), 413–423.
[17] S. Kondo, S. Kubota, T. Shimo, T. Nishida, G. Yosimichi, T. Eguchi, T. Sugahara and M. Takigawa, Connective
tissue growth factor increased by hypoxia may initiate angiogenesis in collaboration with matrix metalloproteinases,
Carcinogenesis 23 (2002), 769–776.
[18] A.E. Kossakowska, D.R. Edwards, C. Prusinkiewicz, M.C. Zhang, D. Guo, S.J. Urbanski, T. Grogan, L.A. Marquez and
A. Janowska-Wieczorek, Interleukin-6 regulation of matrix metalloproteinase (MMP-2 and MMP-9) and tissue inhibitor
of metalloproteinase (TIMP-1) expression in malignant non-Hodgkin’s lymphomas, Blood 94 (1999), 2080–2089.
[19] L. Lavie and P. Lavie, Molecular mechanisms of cardiovascular disease in OSAHS: The oxidative stress link, Eur Respir
J 33 (2009), 1467–1484.
[20] P. Liu, M. Sun and S. Sader, Matrix metalloproteinases in cardiovascular disease, Can J Cardiol 22 (2006), 25B–30B.
[21] J.M. Marin, S.J. Carrizo, E. Vicente and A.G. Agusti, Long-term cardiovascular outcomes in men with obstructive sleep
apnoea-hypopnoea with or without treatment with continuous positive airway pressure: An observational study, Lancet
365 (2005), 1046–1053.
[22] R. Nadeem, M. Harvey, M. Singh, A.A. Khan, M. Albustani, A. Baessler, E.M. Madbouly, H. Sajid, M. Khan and N.
Navid, Patients with obstructive sleep apnea display increased carotid intima media: A meta-analysis, Int J Vasc Med
(2013), 839582.
[23] P. Nagareddy, P. Rajput, H. Vasudevan, B. McClure, U. Kumar, K.M. Macleod and J.H. McNeill, Inhibition of matrix
metalloproteinase-2 improves endothelial function and prevents hypertension in insulin resistant rats, Br J Pharmacol
165 (2012), 705–715.
[24] A.C. Newby, Metalloproteinases expression in monocytes and macrophages and its relationship to atherosclerotic plaque
instability, Arterioscler Thromb Vasc Biol 28 (2008), 2108–2114.
[25] A. Papazafiropoulou, D. Perrea, I. Moyssakis, A. Kokkinos, N. Katsilambros and N. Tentolouris, Plasma levels of
MMP-2, MMP-9 and TIMP-1 are not associated with arterial stiffness in subjects with type 2 diabetes mellitus, J
Diabetes Complications 24 (2010), 20–27.
[26] C. Philippe, Y. Boussadia, V. Pruliere-Escabasse, J.F. Papon, C. Clerici, D. Isabey, A. Coste, E. Escudier and M.P.
d’Ortho, Airway cell involvement in intermittent hypoxia-induced airway inflammation, Sleep Breath 19 (2015),
297–306.
[27] A. Qaseem, J.E. Holty, D.K. Owens, P. Dallas, M. Starkey and P. Shekelle, for the Clinical Guidelines Committee of
the American College of Physicians. Management of obstructive sleep apnea in adults: A clinical practice guideline
from the american college of physicians, Ann Intern Med 159 (2013), 471–483.
34 E. Hopps et al. / MMPs and TIMPs in OSAS
[28] L. Robichaud-Halle´, M. Beaudry and M. Fortin, Obstructive sleep apnea and multimorbidity, BMC Pulm Med 1 (2012),
60.
[29] P. Sare´n, H.G. Welgus and P.T. Kovanen, TNF-alpha and IL-1beta selectively induce expression of 92-kDa gelatinase
by human macrophages, J Immunol 157 (1996), 4159–4165.
[30] L. Simpson, D.R. Hillman, M.N. Cooper, K.L. Ward, M. Hunter, S. Cullen, A. James, L.J. Palmer, S. Mukherjee and P.
Eastwod, High prevalence of undiagnosed obstructive sleep apnoea in the general population and methods for screening
for representative controls, Sleep Breath 17 (2013), 967–973.
[31] S. Tamaki, M. Yamauchi, A. Fukuoka, K. Makinodan, N. Koyama, K. Tomoda, M. Yoshikawa and H. Kimura, Production
of inflammatory mediators by monocytes in patients with obstructive sleep apnea syndrome, Intern Med 48 (2009),
1255–1262.
[32] T. Tazaki, K. Minoguchi, T. Yokoe, K.T.R. Samson, H. Minoguchi, A. Tanaka, Y. Watanabe and M. Adachi, Increased
levels and activity of matrix metalloproteinase-9 in obstructive sleep apnea syndrome, Am J Respir Crit Care Med 170
(2004), 1354–1359.
[33] D.M. Toraldo, F. Peverini, M. De Benedetto and F. De Nuccio, Obstructive sleep apnea syndrome: Blood viscosity,
blood coagulation abnormalities, and early atherosclerosis, Lung 191 (2013), 1–7.
[34] C. Vlachopoulos, K. Aznaouridis, I. Dima, N. Ioakeimidis, C. Vasiliadou, A. Zervoudaki, T. Gialernios and C. Stefanidis,
Negative association between serum levels of matrix metalloproteinases-2 and -9 and aortic stiffness in healthy adults,
Int J Cardiol 122 (2007), 232–238.
[35] J. Volna´, D. Kemlink, M. Kalousova´, J. Vavrova, V. Majerova, O. Mestek, J. Svarcova, K. Sonka and T. Zima, Biochemical
oxidative stress-related markers in patients with obstructive sleep apnea, Med Sci Monit 17 (2011), CR491–CR497.
[36] E. Vuralkan, M. Mutlu, I.H. Firat, S. Akaydin, M. Sagit, I. Akin, E. Miser and S. Ardic, Changes in serum levels of
MDA and MMP-9 after UPF in patients with OSAS, Eur Arch Otorhinolaryngol 271 (2013), 1329–1334.
[37] X. Wang, Y. Ouyang, Z. Wang, G. Zhao, L. Liu and Y. Bi, Obstructive sleep apnea and risk of cardiovascular disease
and all-cause mortality: A meta-analysis of prospective cohort studies, Int J Cardiol 16 (2013), 207–214.
[38] G. Weinreich, T.E. Wessendorf, T. Erdmann, S. Moebus, N. Dragano, N. Lehmann, A. Stang, U. Roggenbuck, M.
Bauer, K.H. Jockel, R. Erbel, H. Teschler and S. Mohlenkamp, Heinz Nixdorf Recall (HNR) study group, Association
of obstructive sleep apnoea with subclinical coronary atherosclerosis, Atherosclerosis 231 (2013), 191–197.
[39] H.K. Yaggi, J. Concato, W.N. Kernan, J.H. Lichtman, L.M. Brass and V. Mohsenin, Obstructive sleep apnea as a risk
factor for stroke and death, N Engl J Med 353 (2005), 2034–2041.
[40] Yasmin, S. Wallace, C.M. McEniery, Z. Dakham, P. Pusalkar, K. Maki-Petaja, M.J. Ashbym, J.R. Cockcroft and I.B.
Wilkinson, Matrix metalloproteinase-9 (MMP-9), MMP-2, and serum elastase activity are associated with systolic
hypertension and arterial stiffness, Arterioscler Thromb Vasc Biol 2 (2005), 372.
[41] J. Ye, H. Liu, Y. Li, X. Liu and J.M. Zhu, Increased serum levels of C-reactive protein and matrix metalloproteinase-9
in obstructive sleep apnea syndrome, Chin Med J (Engl) 120 (2007), 1482–1486.
